Background: Cranioplasty is a standard neurosurgical procedure which is performed after decompressive craniotomy. Fatal complications associated with this procedure are not well documented. Here, we report a case of fatal cerebral swelling after cranioplasty and discuss the possible mechanism of this complication. Case Description: A 64-year-old man was admitted with the diagnosis of cerebral hemorrhage, and emergency surgery for hemorrhage removal and decompressive craniotomy were performed. One month after surgery, cranioplasty was performed using a titanium mesh plate. Sixteen hours after the surgery, the patient became comatose with bilateral dilated pupils followed by blood pressure lowering. Computed tomography of the brain showed bilateral massive cerebral edema. The titanium mesh plate was immediately removed, however, the patient's neurological condition did not recover and he died 7 days after the surgery. We speculated that the negative pressure difference and increase in cerebral blood flow after cranioplasty may have attributed to the fatal cerebral swelling. Conclusion: Fatal cerebral swelling after cranioplasty is a rare but devastating complication. Although it is rare, neurosurgeons should keep in mind that this fatal complication can follow cranioplasty.
INTRODUCTION
Cranioplasty is usually performed after decompressive craniotomy for several neurological conditions, including traumatic injury, brain infarction, cerebral hemorrhage, and subarachnoid hemorrhage. Although cranioplasty is a standard neurosurgical procedure, it is associated with a high complication rate owing to concerns such as wound infection, bone resorption, and epidural or subdural hematoma. [1, 8] However, fatal complications associated with this basic surgical procedure are not adequately reported. Here, we report a case of fatal cerebral swelling that occurred immediately after cranioplasty and discuss the possible mechanism underlying this rare complication.
CASE DESCRIPTION
A 64-year-old man was admitted to the Department of Neurosurgery after sudden onset of consciousness disturbance. On admission, the patient was comatose with Figure 1 ]. Emergency surgery for hemorrhage removal was performed. After removal of hemorrhage, brain tension was high, for which decompressive craniotomy was additionally performed. Further exploration of hemorrhagic causes did not detect sources such as cerebral aneurysm, arteriovenous malformation, or moyamoya disease.
One month after the surgery, consciousness and neurological status of the patient gradually improved and CT showed remarkable brain sinking [ Figure 2a ]. Therefore, cranioplasty was performed under general anesthesia. Intraoperative dural tension was unremarkable; therefore, a titanium mesh plate was used and a closed drainage system was placed under the scalp in the usual manner. The drainage system was not connected to the suction system during the surgery. The surgery was uneventful. The patient was extubated, and consciousness and neurological status of the patient promptly recovered to the preoperative status. The closed drainage system was placed on the bedside and suctioned without continuous negative pressure. Sixteen hours after the surgery, the patient became comatose with bilateral dilated pupils followed by blood pressure lowering. Brain CT showed bilateral massive cerebral edema [ Figure 2b ]. Further exploration was impossible because of rapid exacerbation. The titanium mesh plate was immediately removed, however, the patient's neurological condition did not recover and he died 7 days after the surgery.
DISCUSSION
Cranioplasty is performed not only to address the cosmetic problem but also to improve the neurological status of patients who have undergone decompressive craniotomy. [4, 7] The surgical procedure of cranioplasty is generally considered safe, and the reported mortality rate is low. Accordingly, fatal massive cerebral swelling as a complication of cranioplasty presented here is rare and has been infrequently reported. [2, 3, 5, 6, [9] [10] [11] The exact mechanism underlying massive cerebral swelling after cranioplasty has not yet been fully understood. Lee et al. [6] reported a case of unexpected and severe postoperative cerebral edema following autologous cranioplasty. The authors in this previous report speculated that placing an epidural drainage system with active suction may have caused an acute decrease in intracranial pressure and the subsequent rapid expansion of the brain, leading to the impairment of autoregulation and reperfusion injury. Similarly, Hasaneen et al. [2] reported a patient who died after cranioplasty because of rapidly progressing cerebral edema. They mentioned the possibility of impaired cerebral autoregulation following cranioplasty within living neural tissue led to the development of malignant cerebral edema. Sviri et al. [10] also reported 4 patients who died because of massive cerebral swelling immediately after cranioplasty. The authors reviewed the literature on similar cases and proposed a mechanism underlying this rare complication. They suggested that a negative pressure difference owing to the elimination of atmospheric pressure that had been chronically applied to the injured shrinking brain combined with the negative pressure applied by the closed subgaleal suction drain may have led to a massive brain shift toward the cranioplasty site and initiated a fatal vasomotor reaction.
In the present case, we speculated two mechanisms that may have attributed to fatal cerebral swelling. First, the shrinking brain before cranioplasty may have changed the brain compliance because of long-term compression under the atmospheric pressure. Therefore, negative pressure difference owing to the elimination of atmospheric pressure in combination with the negative pressure applied by the closed subgaleal suction drain may have easily induced the brain shift, as previously reported. [10] Second, the shrinking brain before surgery may have impaired autoregulation because of long-term compression under the atmospheric pressure and damage owing to cerebral hemorrhage. According to a previous report, cranioplasty can remarkably increase cerebral blood flow of the ipsilateral and contralateral hemispheres at the cranioplasty site. [7] This increase in cerebral blood flow toward the autoregulatory impaired brain may have caused the massive cerebral edema.
CONCLUSION
Fatal cerebral swelling after cranioplasty is a rare but devastating complication. Although it is rare, neurosurgeons should keep in mind that this fatal complication can follow cranioplasty.
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